the relationship between the level of arterial blood pressure and the development of hypertensive complications is one of the conspicuous difficulties in current concepts of the natural history of essential hypertension. That cardiovascular complications of hypertension are generally more prevalent with the higher levels of blood pressure is recognized. Published data, 1-3 however, invariably include a substantial proportion of cases in which casual blood pressures* were considerably elevated, yet hypertensive complications did not develop, as well as cases in which complications occurred although arterial pressures were only moderately increased. These apparent inconsistencies in the course of the illness lead one to ask how closely are hypertensive complications related to the level of blood pressure? To what extent are the discrepancies between casual blood pressure and clinical
the relationship between the level of arterial blood pressure and the development of hypertensive complications is one of the conspicuous difficulties in current concepts of the natural history of essential hypertension. That cardiovascular complications of hypertension are generally more prevalent with the higher levels of blood pressure is recognized. Published data, 1-3 however, invariably include a substantial proportion of cases in which casual blood pressures* were considerably elevated, yet hypertensive complications did not develop, as well as cases in which complications occurred although arterial pressures were only moderately increased. These apparent inconsistencies in the course of the illness lead one to ask how closely are hypertensive complications related to the level of blood pressure? To what extent are the discrepancies between casual blood pressure and clinical course due to the possibility that casual pressures fail to represent the usual blood pressure of the patient?
The shortcomings of casual measurements of blood pressure are well known. A casual reading, taken in the physician's examining room, hardly a neutral environment, records only a small sample of the daily blood pressure, which is known to vary widely in response to many stimuli. Measurements by means of a portable blood pressure recorder developed by Hinman and associates5 obviate some of the problems inherent in office determinations. The recorder permits semiautomatic measurement and recording of blood pressure at frequent intervals during the day while the subject is engaged in his customary activities. The subject has no knowledge of the pressures since they are recorded directly on magnetic tape.
The level and variability of the blood pressure in hypertensive patients as determined over 2-and 3-day periods with the portable recorder and the correlation between portable recorder and casual blood pressure measurements were reported previously. 6 In the present study, blood pressure readings of patients with mild to moderate essential hypertension, obtained "casually" in the clinic and by means of the portable recorder during normal daily activities, were analyzed extensively in relation to the presence and severity of hypertensive complications. In determining the correlations, the relevance of age, duration of hypertension, and variability of the blood pressure were also considered.
Subjects and Methods
Patients referred to the hypertension clinic because their casual blood pressure levels frequently (but not necessarily always) exceeded 150/90 mm Hg were the subjects. The basis of selection for the study was as follows: Only normally active, ambulatory patients who were not hospitalized were included. In all cases secondary hypertension was ruled out by appropriate clinical and laboratory studies, including determinations of serum electrolytes and urinary catecholamines, and intravenous pyelography; renal arteriography, differential renal function tests, and aldosterone secretion studies were also done when indicated. Patients were classified according to severity of hypertensive complications as determined by ocular funduscopic examination, electrocardiography, and measurement of cardiac size by radiological examination. Only patients with mild to moderate complications of hypertension (class 0 to III) were accepted for study. Patients taking antihypertensive or central depressant drugs were included only if in our judgment they could discontinue medications for at least 2 weeks before the study. Patients in class III were studied only if they were not under treatment when first seen. Patients with severe hypertension (class IV) were excluded because it was considered unwise to withhold or delay treatment. Patients were also excluded if they had associated illnesses that might obscure the relationship of hypertensive complications to arterial blood pressure (for example, recent myocardial infarction, valvular or congenital heart disease, or clinically evident congestive failure) or any severely debilitating illness, even if unrelated to the cardiovascular system.
Acceptance for study was also based on the patient's ability to report to the laboratory in the early morning to have the portable recorder fitted on before resuming his customary daily activities and his willingness to wear the recorder for 10 to 12 hours a day for at least 2 days. Only a few patients declined to be subjects, usually out of reluctance to wear the recorder at work.
Classifieation According to Severity of Hypertensive Disease
The patients were grouped according to grade of severity of ocular funduscopic abnormalities, electrocardiographic evidence of left ventricular hypertrophy (LVH), and cardiac enlargement by radiological measurements; the level of casual blood pressure was not considered. This system of grading severity, except for the omission of casual blood pressure levels, was used by Sokolow and Perloffl in studies demonstrating a progressive increment in mortality with progressive increase in the severity of hypertensive complications.
Retinal abnormalities related to hypertension were graded from 0 (normal) to IV according to the criteria of Keith and Wagener.
Electrocardiographic evidence of LVH was graded as follows: within normal limits, grade 0; abnormally high voltages of QRS complexes (R in V5 plus S in V1 greater than 35 mv), grade 1; abnormally increased voltages of QRS complexes associated with relatively low T waves (less than 10% of R) in "left ventricular" leads, grade II; abnormal QRS voltage associated with ST-segment depression and diphasic T waves, grade III; and prolonged ventricular activation time, depressed down-sloping ST segments, and asymmetrically inverted T waves in left ventricular leads, grade IV.
Heart size as seen in standard posteroanterior roeatgenograms of the chest was quantitated with the aid of Ungerleider and Gubner's tables,7 which state, for given height and weight, the upper limit of normal maximum transverse diameter of the heart. Increase in cardiac diameter was calculated as a percentage above the normal value given in the tables. An increase up to 10% in diameter was considered to encompass normal, grade 0, and grade I severity; no attempt was made to distinguish between these, and a grade of 0 was arbitrarily assigned. Increases of 11 to 20% were considered grade II, and an increase of 21 to 30%, grade III.
The selected subjects were assigned to one of four classes of overall severity of hypertensive complications (0-III), corresponding to the highest grade or most advanced degree of severity of any of the individual complications. For example, a patient with grade III abnormalities of the ocular fundi, grade II LVH, and grade 0 cardiac enlargement was assigned to overall severity class III.
Casual Blood Pressure Measurements
Casual blood pressure readings on each patient were taken in the hypertension clinic for several weeks preceding the study. All patients had pressures taken on at least three different visits and at least 2 weeks after medications had been discontinued. The measurements were made by a physician by the auscultatory method using a mercury sphygmomanometer. Usually the patient had been sitting for 15 minutes or longer in the waiting or examining room. The level at which the Korotkoff sounds disappeared was taken as the diastolic pressure. The portable recorder and experience with its use have been described in previous reports,5 6 and its reliability and accuracy have been amply demonstrated. In the present studies we first sought the patients' cooperation by displaying the portable recorder and explaining the purpose of obtaining blood pressure measurements during their normal daily activities. Patients were encouraged to wear the recorder on ordinary working days rather than on days off, and were advised to wear short-sleeved shirts or blouses and loose-fitting jackets for comfort and ease. A mutually convenient time was then scheduled for each study.
On the scheduled day the patient reported to the laboratory at 8:30 a.m. to have the portable recorder fitted on by a technician. When the apparatus was comfortably in place, a reference recording calibrated against a standard mercury manometer was obtained, as described previously. 6 Simultaneous determination of the patient's blood pressure by the portable recorder and by the usual auscultatory method three times in succession served as a check on the recorder's accuracy; the differences were negligible.5 The patient was given simple directions concerning the care and use of the apparatus. He was requested to record his pressure every half hour throughout the day, noting in a log book the time and circumstances of each recording. He removed the instrument assembly himself before retiring at night. When he returned to the laboratory the next morning, the recorder was replaced and again calibrated as described.
Known Duration of Hypertension
An effort was made to elicit as precisely as possible the date when each patient was first found to have high blood pressure. Each was questioned closely about medical examinations in connection with life insurance, military service, school matriculation, employment, pregnancy, hospitalization, or routine visits to their physicians. When practicable, documentation was sought by writing to physicians or health services for abstracts of the patients' records. The duration of hypertension was based on this historical information. Although limited to an approximation that probably underestimates the actual duration in most instances, the data are the most accurate we could obtain.
Analysis of Data
The blood pressure data obtained by casual and portable recorder measurements and the grade and class of hypertensive complications of each patient were coded on IBM cards, together with other clinical information such as age, sex, race, and duration of hypertension. The casual blood pressure readings, both systolic and diastolic, for each patient were averaged. The readings obtained by the portable recorder were averaged similarly. These and related data together with the standard deviations of pressures (variability) and the means of the five highest and of the five lowest pressures obtained by portable recorder in each patient were added to the code cards for subsequent analyses. The averages of the five highest pressures and of the five lowest pressures were selected arbitrarily as being more representative of the extremes of pressure than the single highest and single lowest readings, which might be affected by unusual activity or occurrences. IBM 1401 and 7094 computers were employed for relevant correlational analyses, analyses of variance, scatter plotting, frequency-distribution plotting, stepwise multiple regression, and discriminant function analyses.
Results

Characteristics of the Population Studied
A total of 124 patients with mild to moderate hypertension were selected for study. The group consisted of 46 men and 78 women, which mainly reflected the ratio of men and women attending the outpatient departments of the medical center. The patients ranged in age from 15 to more than 70 years (table 1). The mean age of the men was 44.1 years, of the women, 46.4 years, and of the total group, 45.5 years. Ninety-seven of the subjects were Caucasian, 26, Negro, and one was an Oriental. Classification of the patients according to the 
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The relationship between the average casual 45.5 14.5 and recorder systolic and diastolic pressures 6.0 4.7 of the 124 patients is shown in figure 1 . In most instances the recorder pressures lie be- Relationship of the average systolic and diastolic blood pressure levels measured with the portable recorder to the average casual pressures in 124 patients with essential hypertension. Each dot represents one subject.
averaged to give group mean pressures. These data are summarized in table 4. More detailed information on each group, including means of the five highest and five lowest recorder pressures and the variability of the recorder pressures together with the standard deviations of the values, is given in the "Appendix," section A. Each advance in class of overall severity of complications was associated with a substantial increment in the mean systolic and diastolic blood pressures for the group as determined by both casual and recorder measurements; in each class of severity, however, the casual pressures were higher than the recorder pressures. The difference in mean casual diastolic pressures between class 0 and class I was significant at the 0.10 level, between classes I and II at the 0.01 level and between classes II and III at the 0.05 level; the respective differences in mean recorder diastolic pressures were significant at the 0.05, 0.01, and 0.10 level.
Each increasing grade of severity of individual hypertensive complications was also accompanied by progressive increments in mean systolic and diastolic casual and recorder pressures (table 4). Evaluation of the Circulation, Volume XXXIV, August 1966 data on the severity of ocular funduscopic abnormalities and degree of left ventricular hypertrophy showed that differences in mean casual pressures between one grade of severity of these complications and the next were not always statistically significant, whereas the differences in mean recorder pressures between one grade of severity and the next were significant in all instances, with the exception of left ventricular hypertrophy, grades I and II. With regard to cardiac enlargement, however, the differences in the recorder and casual pressures between grades of severity were not significant, except for the difference in recorder diastolic pressures between grades 0 and III severity. Similarity was noted in the mean blood pressures at comparable degrees of overall severity and severity of individual hypertensive complications, as can be seen by comparing the blood pressure values across the columns in table 4. As with the mean systolic and diastolic recorder pressures, the mean of both the five highest and the five lowest pressure readings rose with each advance in overall class and grade of hypertensive complications. (These data are shown in the "Appendix.") To evaluate the relationship between blood pressure levels and class of overall hypertensive complications, we determined the number of patients whose average pressures were within each 20-mm increment from 100 to 240 mm Hg systolic and within each 10-mm increment from 60 to 150 mm Hg diastolic. The class of severity of hypertensive complications in the total number of patients within each range were then averaged, and the average degree of severity with each increment in blood pressure was expressed on an ascending scale. Bar graphs of the data ( fig. 2) show that the average degree of severity of hypertensive complications was related to the height of both mean systolic and mean diastolic pressures, whether casual or obtained by portable recorder. The more nearly linear relationship between degree of severity and recorder blood pressure levels is noteworthy.
In the 33 patients whose average recorder systolic pressures were 120 to 140 mm Hg, the average degree of severity was 0.7 ( fig. 2 left). Thereafter, the average degree of severity rose approximately 0.5 with each successive 20-mm increment over the entire range of systolic pressures to a value of 3.0 at pressures of 200 to 220 mm Hg.
Advances in class of overall severity were also associated with rises in average casual systolic pressures, but not uniformly over the entire range of pressures. The average degree of severity was low at low casual systolic pressures (0.5 at 120 to 140 mm Hg) and high at high pressures (2.4 at 220 to 240 mm Hg). In the broad middle range of casual systolic pressures (160 to 220 mm Hg), however, the average degree of severity was essentially at a plateau and did not reflect the substantial increases in pressure.
The average degree of severity also rose progressively with each 10-mm increment in average recorder diastolic pressures, increasing stepwise by approximately 0.4 with each increment from 60 to 150 mm Hg. Again, in general, average degree of severity also increased with rises in average casual diastolic pressures, but the increase was not as nearly linear as the increase in recorder diastolic pressures; with casual diastolic pressures from 110 to 150 mm Hg the average degree of severity increased only slightly.
Relationship Between the Variability of Recorder Blood Pressures and Hypertensive Complications
The relationship between severity of hypertensive complications and variability of blood pressure was also investigated. Vari The frequency distribution of all individual blood pressure readings obtained by the portable recorder in patients within each class of overall severity is illustrated in figure 3 . As shown, the distribution plots are displaced to the right, in the direction of higher pressures, 3 MEAN SYSTOLIC PRESSURE mmHg 3 2 _ I40 '4J 0 with each advance in class of severity. For example, of the 1,028 systolic pressures recorded by patients in class 0, fewer than 10% exceeded 160 mm Hg, and fewer than 5% exceeded 170 mm Hg. In contrast, 30% of the readings in class I, 56% in class II, and 90% in class III were higher than 160 mm Hg. Thus, recorder systolic pressures higher than 160 to 170 mm Hg were usually associated with some degree of hypertensive complication. Conversely, recorder systolic pressures lower than 130 mm Hg were seldom associated with significant hypertensive complications. Less than 15% of the recorded pressures in class I, 5% in class II, and none in class III were at this low level; in class 0 patients, 35% of the systolic pressures recorded were lower than 130 mm Hg. A considerable number of the systolic MEAN Average degree of overall severity of hypertensive complications found with successive rises in blood pressure levels as obtained with the portable recorder and by casual measurements.
The height of each bar represents the average class of severity of patients whose average blood pressures were within each 20-mm systolic (left) or 10-mm diastolic (right) increment in pressure. n = number of patients in each interval; intervals at the extremes, in which n =only 1, were omitted. recordings in severity classes 0, I, and II were in the range of 130 to 170 mm Hg ( fig. 3 ); in class III, however, only 17% of the recorded pressures fell within this range.
Recorder diastolic readings higher than 110 mm Hg were almost invariably associated with hypertensive complications. Fewer than 1% of diastolic pressures recorded by class 0 patients exceeded this level, whereas in class I patients 8% of the diastolic pressures were greater than 110 mm Hg, in class II patients 29% were greater, and in class III 87% were greater. Inspection of the lower end of the diastolic pressure distribution plots ( fig. 3 ) shows that fewer than 1% of the recorded pressures in class III were below 90 mm Hg and that pressures below 80 mm Hg were not commonly recorded by class II patients (9%). A recorder diastolic pressure of 70 mm Hg or lower was rarely associated with hypertensive complications: only 6% of the pressures in class I, 2% in class II, and 0% in class III were at this low level. Many of the recorded diastolic pressures in severity classes 0, I, and II were in the range of 80 to 100 mm Hg; however, only 3% of the class III recorded pressures were in this relatively low range.*
Scatter Plots of the Average Recorder and Casual Blood Pressures According to Class of Overall Severity
The scatter plots of the average recorder and casual systolic and diastolic blood pressures of individual patients according to class *The frequency distribution of blood pressure levels recorded by an additional five patients with class III hypertensive complications was nearly identical to those shown. The five patients were not included in the study, however, because they were taking antihypertensive medication, although in totally inadequate dosage. Circulation The intercorrelations of severity of complications, each parameter of blood pressure and other variables such as age, duration of hypertension, and variability of recorder pressures are summarized in table 5. The overall severity of hypertensive complications was significantly correlated with both average casual systolic pressure (r = 0.48) and diastolic pressure (r = 0.51). The correlations with the average recorder pressures were significantly higher (systolic, r = 0.63; diastolic, r = 0.65). Overall severity was also highly correlated with the means of the five highest (r=0.63) and five lowest (r = 0.61) recorder systolic pressures.
Similar relationships characterized the correlations, although lower, between the grade of severity of each hypertensive complication and the blood pressure. The correlations with the mean recorder pressures were higher than the correlations with the mean casual pressures.
The correlation between cardiac enlargement and recorder pressure levels, although less than that with the other hypertensive complications, was still significant at the 0.01 level. With severity of LVH and funduscopic abnormality, the correlation was slightly but not significantly higher with recorder systolic pressures than with diastolic pressures.
The correlation matrix (table 5) shows the high correlation between casual systolic and diastolic pressures (r = 0.79) and between recorder systolic and diastolic pressures (r = 0.75), as well as the significant correlation between casual and recorder pressures (systolic, r = 0.68; diastolic, r = 0.58). A very high correlation was found between mean recorder systolic pressure and the mean of the five highest and the mean of the five lowest recorder pressures (r =0.94 and 0.95, respectively). Mean recorder diastolic pressure was also highly correlated with the means of the five highest and five lowest diastolic pressures (r = 0.94 and 0.96, respectively).
No significant correlation was found between severity of complications and duration Correlations between severity of hypertensive complications and two or more variables combined were analyzed by means of a stepwise multiple regression computer program,8 as described in the "Appendix," section B.
Overall Severity
The multiple correlation coefficient between overall class of severity and mean blood pressure levels was 0.52 for average casual systolic and diastolic pressures combined and 0.68 for average recorder systolic and diastolic pressures combined. For the mean of the five highest recorder systolic and diastolic pressures combined and for the mean of the five lowest pressures combined, the correlation coefficients were 0.66 and 0.64, respectively. The correlation between severity and the mean of the five highest and of the five lowest systolic and diastolic pressures combined was no higher (r = 0.66). The multiple correlation between class of severity and average recorder systolic and diastolic pressures was not increased by adding the means of the five highest and five lowest recorder pressures combined (r = 0.68). Nor did including the variability of the systolic and diastolic pressures and the duration of hypertension significantly increase the multiple correlation between overall severity and blood pressure. Recorder diastolic pressure and age had a slightly higher (r = 0.70) multiple correlation with severity than recorder diastolic and recorder systolic pressure combined. (The data bearing on this finding are furnished in detail in "Appendix," section B.)
Severity of Individual Hypertensive Complications
Analyses of multiple correlations between severity of each individual hypertensive complication and blood pressures and other variables yielded generally similar results. For Circulation, Volume XXXIV, August 1966 each complication, the multiple correlation with the recorded systolic and diastolic pressures combined was higher than the correlation with the average casual systolic and diastolic pressures combined. Entering the means of the five highest and five lowest recorder pressures in the analysis did not significantly increase the correlations, nor did adding the variability of systolic pressure and of diastolic pressure or duration of hypertension.
The multiple correlations with individual hypertensive complications did differ in some respects from the correlations with overall severity. For example, severity of left ventricular hypertrophy was most highly correlated with recorder systolic pressure (r=0.55). Adding recorder diastolic pressure to the stepwise regression increased the multiple correlation coefficient to 0.57, and adding age increased it to 0.62; none of the remaining variables contributed significantly. Severity of funduscopic abnormalities was most highly correlated with recorder systolic pressure (r = 0.61). Adding recorder diastolic pressure increased the correlation coefficient to 0.64; adding age increased it insignificantly to 0.65.
Grade of cardiac enlargement was most highly correlated with the mean of the five lowest recorded diastolic pressures (r = 0.35), although the correlation with the mean recorder diastolic pressure was virtually as high (r = 0.34). None of the other variables added significantly to the multiple correlations.
Influence of Age in the Multiple Correlations
In an effort to clarify the influence of age on the correlations with severity, the results of stepwise multiple regression analyses of the data for the 60 patients less than 45 years of age were contrasted with those for 64 patients more than 45 years old. In the group under 45 years of age, overall severity was most highly correlated with recorder diastolic pressure (r = 0.69); none of the remaining variables added significantly in the stepwise multiple regression. Apparently, age had no bearing on the correlation with severity. The same was true for each of the individual hyper-289 SOKOLOW ET AL. tensive complications. In the group older than 45 years, however, age significantly increased the correlation between overall severity and recorded diastolic pressure, from r =0.63 to 0.69; no other variables added further. The addition of age also increased the correlation between severity of individual hypertensive complications and recorder pressure. Hence it was the relevance of age in the group over 45 years old that was reflected in the positive correlation between age and severity noted in the multiple correlations for the 124 patients as a whole.
Prediction of the Class of Severity by,Discriminant Function Analysis
The foregoing analyses indicated that of the variables examined, recorder diastolic pressure, recorder systolic pressure, and age would be the most relevant in predicting the severity of hypertensive complications. A computer programmed discriminant function analysis9 was performed to determine how well these three variables could discriminate or distinguish hypertensive patients according to class of severity of hypertensive complications. The analysis was limited to overall severity in classes 0, I, and II; class III, because it included only seven patients, was excluded.
In this analysis the computer was programmed to inspect the values for the recorder diastolic pressure, recorder systolic pressure, and age to derive an optimal "weighting" of the three variables for the purpose of predicting the class of overall severity of hypertensive complications. The computer program's process of assigning coefficients and constants in order to achieve the optimal weighting of the variables is rather complex; the interested reader is referred for details to the BMD: Biomedical Computer Programs.9
As shown in table 6, the three variables permitted excellent discrimination between patients in overall severity class 0 and class II. Of 19 patients actually in class 0, 12 were predicted to be in class 0 and none in class II. Of the 41 patients actually in class II, 28 were predicted to be in class II and only two were predicted to be in class 0. Finer discrimination between class 0 and class I pa- tients and between class I and class II patients, however, apparently was not possible.
Discussion
Our studies on 124 patients with mild to moderate essential hypertension reveal that the severity of the vascular complications of hypertension is a function of the level of arterial blood pressure. Pickering and associ-ates10 11 and Smirk2 on the basis of limited evidence, have previously commented on the close relationship between severity of complications and level of blood pressure. Our data show a significant correlation (r=0.52) between severity of complications and the average of three or more casual blood pressure readings taken on different occasions, with a slightly higher correlation with average diastolic pressure than with average systolic pressure. A significantly higher correlation (r=0.68) was found between severity of hypertensive complications and the average blood pressure readings obtained with the portable recorder over a 2-day or a 3-day period during normal activity. In predicting the severity of complications from the blood pressure level, the proportion of the variance accounted for by the average recorder pressure is 45% (0.682), compared with 27% (0.522) for the average casual pressure; the recorder pressures explain 26% of the variance not accounted for by the casual pressures. Hence, some of the discrepancy between the level of casual blood pressure and the severity of hypertensive complications encountered clinically can be explained by the fact that casual pressures The close relationship between severity of hypertensive complications and blood pressure levels in our patients was also demonstrated by the progressive increase in degree of severity with increases in blood pressure levels, whether measured casually or by portable recorder. When the data for the entire group were averaged, the degree of severity of hypertensive complications increased almost linearly with rises in recorder systolic and diastolic pressures; the increase with rise in average casual pressures was less linear over the entire range of pressures.
The individual hypertensive complications showed a higher correlation with recorder pressures than with casual blood pressures. Interestingly, the average recorded pressures of patients with grade I left ventricular hypertrophy (abnormally high QRS voltage) did not differ significantly from the pressures of patients with grade II LVH (minor ST-T changes as well as abnormal QRS voltage), but were significantly higher than the pressures of patients with grade 0 LVH. The relatively low correlation between cardiac enlargement, as determined roentgenographically, and recorder pressures is in accord with clinical experience. Cardiomegaly is not usually evident in roentgenograms of the chest unless hypertension is relatively severe, and cardiac enlargement has been added to cardiac hypertrophy.
The clinical complications of hypertension have been claimed by Smirk2 to be more closely related to "basal" blood pressures than to casual pressures. This implies that a higher degree of correlation might be expected between severity of hypertensive complications and the mean of the five lowest recorded pressures than the mean of all the recorder pressures, even though the lowest pressures obtained with the portable recorder and "basal" pressures are not strictly comparable. The data on our patients, however, showed a comparable correlation between degree of severity and the five lowest pressures (r = 0.64), the average pressure (r =0.68), and Circulation, Volume XXXIV, August 1966 the five highest pressures (r = 0.66) obtained with the portable recorder. The value of Smirk's basal pressure probably can be ascribed to the fact that the conditions of measurement are specified and an average of many readings is obtained rather than to the fact that the patient is in a "basal" state.
No correlation was found between overall severity of hypertensive complications and variability of blood pressure, nor did variability add significantly to other information in the stepwise multiple correlation analyses. The lack of correlation is not too surprising since variability of pressure had little relation to the average level of pressure. It is consistent with the finding that severity of complications correlated most closely with average systolic and diastolic recorder pressures and that the correlation was not enhanced by including the means of the five highest or five lowest pressures.
The low but significant correlation between age and severity of complications applied mainly to the group of patients over 45 years of age; it was not an important consideration in the younger group. In the multiple correlations for the entire group, age "substituted" for systolic blood pressure. Several explanations of the positive correlation between age and severity are tenable. Systolic pressure does tend to increase with age, possibly as a result of arteriosclerosis and a consequent decrease in the elasticity of the aorta, and an increase in systolic pressure would contribute to a higher mean pressure. If mean pressure determines the severity of hypertensive complications, then increased age would thereby be an influential factor. Alternatively, what we recognize as the vascular complications of hypertension may be related not only to elevated blood pressure but also in some measure to arteriosclerosis, which is associated with age. Furthermore, it is well known that the heart may tolerate an increased load, if slight to moderate, for many years without developing LVH, as for example, small defects of the ventricular septum, small patent ductus arteriosus, and minor coarctation of the aorta.
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The lack of correlation between severity of complications and duration of hypertension was unexpected, and may only reflect the imprecision of the historical information on our patients. Granting the inherent limitations of the historical data, the finding suggests that the severity of the cardiovascular changes in hypertension is determined mainly by the average level of arterial pressure and that the duration of hypertension is of lesser importance. This interpretation seems reasonable in terms of clinical experience: patients who have only mildly elevated pressures, even of many years' duration, usually do not develop hypertensive complications of any impressive degree; on the other hand, patients whose blood pressures rapidly become markedly elevated may develop severe hypertensive complications in weeks or months.
In the present study, the correlations show the average relationship between level of pressure and severity of complications. How accurate is the prediction in individual cases?
Scatter frequency distribution plots ( fig. 3 ) showed that few patients with hypertensive complications had recorder pressures averaging 130 mm Hg systolic and 70 mm Hg diastolic or lower. In contrast, all patients with average recorder pressures of 160 mm Hg systolic and 100 mm Hg diastolic and higher had hypertensive complications of some degree. Attempts to predict class of overall severity by discriminant function analysis from the average of all pressures recorded by a patient and his age demonstrated that patients in class 0 could be distinguished from patients in class II with considerable accuracy (table 6). The fact that patients in these two classes of minimal to moderate hypertensive complications could be differentiated on the basis of their average recorder pressures and ages is clinically important.
If the level of blood pressure is the most important factor influencing the severity of hypertensive complications, why is the correlation between severity an-d recorded pressures, although substantial, not still higher? One possibility is that the sampling of the daily blood pressure obtained with the por-table recorder, although more representative than the occasional casual pressure measurement, may not represent fully the patient's net pressure load. It is a discontinuous sampling over only 2 or 3 consecutive days, an artifact is introduced by the presence of a measuring device, and the blood pressure levels during the sleeping and early waking hours are not recorded. Another possible explanation is that our system of grading hypertensive complications, although useful, may not be sufficiently precise in evaluating degrees of severity, particularly in patients with only mild to moderately severe complications. With more refined or sensitive techniques of assessing the severity of hypertensive complications, a higher correlation with the blood pressure level might be found. Lastly, individuals may differ in cardiovascular vulnerability to increased arterial pressure, some developing complications at relatively low pressures and others not.
Our results do not establish that increases in the level of arterial pressure in essential hypertension cause or precede the cardiovascular complications. Our findings, however, are consistent with that view and lend it further support. The concept is also supported by the evidence that elevation of arterial blood pressure caused by a variety of widely different pathophysiological mechanisms and diseases, such as pheochromocytoma,'2 primary aldosteronism,13 renal arterial stenosis,'4-17 Cushing's syndrome,'8 and pyelonephritis,19 leads to similar vascular complications. These complications are identical to those seen in essential hypertension and can be reversed by lowering the blood pressure by any of a variety of surgical procedures, '3-19 just as reducing the pressure in the severely hypertensive patient with pharmacological agents often results in regression of the cardiac and vascular manifestations." [20] [21] [22] [23] Whether the relationship is causal or not, the degree of severity of hypertensive complications appears to be quantitatively related to the average level of arterial blood pressure: the higher the pressure, the greater the severity of the hypertensive complications. Circulation The relationship of the degree of severity of cardiovascular complications, graded according to ocular funduscopic, electrocardiographic, and roentgenographic (heart size) criteria to arterial blood pressure levels was investigated in 124 patients with essential hypertension. Blood pressure levels were determined both by casual measurements and by means of a portable semiautomatic blood pressure recorder worn during the patient's normal daily activities.
Statistical analysis of the data showed a significant correlation between the overall severity of hypertensive complications and the average casual systolic and diastolic blood pressures; the correlation with the corresponding pressure readings obtained with the portable recorder, however, was significantly higher. The relationship between the average pressures obtained with the portable recorder and the severity of complications was quantitative: the higher the mean systolic and diastolic pressures, the greater the average degree of severity.
No correlation was found between severity of complications and variability of the systolic or diastolic pressures recorded by the patient or between severity and duration of hypertension as best determined from the medical history. A low but significant correlation was found with age.
Few patients with hypertensive complications had mean recorder blood pressure levels below 120/80 mm Hg. On the other hand, all the patients whose mean recorder pressures exceeded 160/100 mm Hg had some degree of hypertensive complications. Attempts to predict overall severity of hypertensive complications in individual cases from the patients' mean recorder blood pressure levels and age demonstrated that patients in class II (moderate severity) could be distinguished from those in class 0 (no hypertensive complications) with great accuracy.
The results of the study support the view that the severity of cardiovascular complications in essential hypertension is mainly de-Circulation, Volume XXXIV, August 1966 termined by the average level of the arterial blood pressure. It is suggested that portable recorder measurements should aid in selecting patients likely to benefit from antihypertensive therapy and in guiding such treatment. Figure 5 shows two pages of the computer's output for the problem in which it had to choose first from all the variables, exclusive of age, the variable having the highest correlation with overall severity and next the variable that most increased the multiple correlation, and then the next, and so on in stepwise fashion until no variable remained that would significantly increase the correlation. The computer program indicated, as variables were added in the stepwise regression whether adding any of the remaining variables *Aided by Grant FR-00122 from the U. S. Public Health Service. &!93 would significantly increase the correlation. In step 1, mean recorder diastolic pressure (PODIA) was selected by the computer as having the highest correlation with overall severity. The remaining variables are shown on the right: "variables not in the equation." (Ignore vari-ables LVH, Heart, and Fundi, which are not pertinent here.) The column labeled "F to enter" indicates whether the correlation would be significantly increased if the corresponding variable were added to the regression. With the total number (N) of 124 Appendix A Table 7 Overall Severity 
Figure 5
Sample pages of computer's output for determining the multiple correlations between overall severity of hypertensive complications and two or more variables combined. (See Appendix, section B.) next added in step 2 of the multiple correlation; except for age, it had the highest "F to enter." Once recorder systolic pressure was added to the multiple correlation, the five highest and five lowest recorder systolic and diastolic pressures no longer would increase the correlation, nor would casual systolic or casual diastolic pressures.
When the problem was re-run, this time placing no restriction on age, the computer output of step 2 ( fig. 5 , last panel) showed that age entered after recorder diastolic pressure. After age had entered the multiple correlation, recorder systolic pressure would no longer significantly increase the correlation. Age apparently was equivalent to recorder systolic pressure, that is, whatever information recorder systolic measurements conveyed over and above the information conveyed by recorder diastolic measurements was also conveyed by age. 7. UNGERLEIDER, H. E., AND 
